INTRODUCTION
The sixties of the twentieth century brought a new concept in the treatment of wounds in a humid environment, proposed by Winter in 1962 [32] . Trials conducted for years have shown that moist environment present in wound bed accelerates healing and maintains the optimal pH. Moist wound exudates contain growth factors such as Platelet-derived Growth Factor (PDGF), Vascular Endothelial Growth Factor (VEGF), Transforming Growth Factor-α (TGF-α), Transforming Growth Factor-β (TGF-β) and a number of other cytokines including interleukins: IL-1 [28] , IL-6 [9] , IL-10 [7] that regulate the granulation, epithelialization and angiogenesis during the healing process [4, 12] .
The process of wound healing can be divided into three major phases: inflammation, proliferation of cells, and the newly formed tissue remodeling. Physiologically extending inflammation is necessary for correct wound healing. Whereas inhibition of inflammatory process leads to the pathology in further stages of wound healing.
Applied dressings play the role of the temporary extracellular matrix (ECM) in the injured tissue.
The extracellular matrix is a very dynamic structure, being a huge reservoir of collagenous and non-collagenous
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Polymers of natural origin (alginates, chitin, chitosan, collagen) are currently the main object of scientific interests because of their properties such as biocompatibility, biodegradability, ease of acquisition, and relatively low processing costs.
Calcium alginate is a polymer having the polysaccharide structure composed of residues of α-L-guluronic (G) and β-D-mannuronic (M) acids [10] , obtained from brown algae (Phaeophyceae), or produced by bacteria Azotobacter vinelandii, Peudomonas fluorescent, Pseudomonas aeruginosa. This is a common and easy to handle biocompatible polymer, in the context of the pharmaceutical application.
Under the influence of the exchange of calcium ion, associated with subunits of guluronic acid on sodium ion derived from wound exudate, dressing takes the form of a gel by binding excess exudate around the fibers of the dressing. The remains of the polymer in the wound are biodegradable and do not cause wound irritation [5, 13] . Moreover, a dressing constructed from calcium alginate has a hemostatic effect associated with the presence of calcium ions in its structure [13] . Alginic acid derivatives are easy to handle, biodegradable materials for producing biocompatible dressings, implants and scaffolds for cells [10, 11, 20, 31, 33] .
In the course of experiments, we also used the tested dressing made of carboxymethylcellulose, which is a polymer known to fix exudate within its fibres, unlike to alginate dressing retaining the pleural around the fibers. The dressing in contact with the discharge is converted into a transparent gel, which fills the wound. The tested dressing is made in accordance with Hydrofiber ® technology that enables vertical absorption of exudate. The use of the dressing prevents maceration of the wound edges, making its changes virtually painless for the patient [25] . Carboxymethylcellulose is not a biodegradable polymer. Bandages, after the evaporation of fluid from the surface of wound, take the form of "plaster cast" and fall of from wound bed without damaging it.
Another tested dressing is composed of an ester derivative of chitin -dibutyrylchitin (DBC). Chitin itself is an extremely interesting polymer for designing the bioactive dressings, however, its low solubility limits its use [24] . Dibutyrylochitin is obtained by semi-synthesis. It is characterized by good solubility in most organic solvents such as DMSO, ethanol or acetone. It has also antibacterial, antifungal, and high biocompatibility properties [14, 21] . Easy production process allows for using it as raw material for manufacturing adhesive dressings and implants. Chitin and its derivatives are characterized by low cytotoxicity and hemostatic properties [14-16, 19, 22, 26, 27] .
Technical University of Lodz has developed original method for the synthesis of ester derivative of chitin (DBC). Dibutyrylochitin polymer is easy to process, is soluble in most organic solvents, thus allowing the formation of films and fibers [27] .
In the present work the dressing materials composed of calcium alginate, sodium carboxymethylcellulose and dibutyrylchitin were tested.
The aim of the study was an in vitro evaluation of the level of the immune response in relation to the chosen polymer and the effect of the fibronectin presence that will further be referred to in vivo phase.
In this study, we examined the commercially available, biodegradable alginate dressing, commercially available but not biodegradable dressing constructed from the sodium carboxymethylcellulose, and commercially unobtainable biodegradable dressing made of a dibutyrylchitin. For determining the direction of the immune response, the assessment of the degree of secretion of interleukin being proinflammatory (IL-1, IL-6) and anti-inflammatory (IL-10) from murine fibroblasts that are in contact with the tested dressings, the ELISA tests were used (ELISA enzyme linked immunosorbent assay). The effect of fibronectin addition was also tested. The purchased 3% polymer solution (w/v) was prepared in 95.6% ethanol and poured on a Petri dish. After the initial evaporation of ethanol, the NaCl crystals were applied to the surface of polymer and dried at 37°C for 48 hours. NaCl crystals were next rinsed with the PBS. Prepared films were than sterilized by autoclaving (121°C, 15 min) and used as a material for further research. 
METHODS

Inoculation of the mouse fibroblast Balb/3t3 on the tested dressings:
Tested polymers were loaded with commercial cell line Balb/3T3. The cells were previously counted using a device to the amount of cells ADAM NanoEntec ® (number of cells 3.6 × 10 5 /ml). Test patches of dressings 1 cm × 1 cm were placed in 6 well plates.
For each of the tested materials mouse line fibroblasts were seeded (counted before using the camera). Additionally the effect of fibronectin (a protein secreted by fibroblasts) at the extent of cytokine secretion was studied. For this purpose, 6-well plate was coated with fibronectin (10 uL fibronectin/1 ml PBS).
Cells were seeded in the system: F-control The wells in a 6-well plate was filled with 7 ml complete culture medium: DMEM, 10% FCS, 1% P/S.
For the next 14 days 0.5 ml of the supernatant was collected from each well to a sterile Eppendorf tubes. The tubes were stored at -80°C until the ELISA tests were performed.
Supernatant samples drawn within 14 days allowed the determination of the release profile of cytokine production by fibroblasts and the effect of tested materials on the process To determine the effect of the used polymers on the immune response in the fibroblasts cell lines several experiments were conducted.
RESULTS AND DISCUSSION
We considered ELISA tests to evaluate the degree of secretions of interleukins crucial for wound healing process.
The results have show that the presence of the tested dressings induced inhibition of IL-1 by murine fibroblasts compared to the controls ( Figure 1, Figure 2 , Figure 3 ). This points to the influence of the tested biomaterials for the induction of the inflammatory response [2, 8] .
Covering 6-well plates with fibronectin resulted in an increase secretion of pro-inflammatory interleukins IL-1 by fibroblasts seeded in contact with dressings. This observation was particularly evident in the 9 th and 11 th day of the experiment ( Figure 4 , Figure 5 , Figure 6 ), which confirms the modulating effect of fibronectin at inflammatory process [30] .
The dressing made with calcium alginate inhibits the secretion of pro-inflammatory interleukins IL-6 compared to the controls (Figure 7 ).
Dressings made with carboxymethylcellulose, and dibutyrylchitin resulted in an increase of the secretion of IL-6 in the first days of the experiment compared to the controls (Figure 8, Figure 9 ).
The addition of fibronectin in contact with a dressing composed of dibutyrylchitin caused an increase in concentrations of IL-6 and a decrease in IL-6 induced by contact with the carboxymethyl cellulose in relation to the controls which also confirms the modulating effect of fibronectin at inflammatory process [30] .
The concentration of IL-6 produced by mouse fibroblasts grown on first day experiment in contact with a dressing composed of calcium alginate coated on fibronectin coated plate ( Figure 10 ).
Interleukin 1 (IL 1), interleukin 6 (IL 6) are typical examples of multifunctional cytokines involved in the regulation of the immune response, and inflammation. Their functions are crucial and widely overlapping [9, 28] .
Addition of fibronectin increased the secretion of antiinflammatory interleukin IL-10 by murine fibroblasts upon the contact with dressing constructed from calcium alginate, carboxymethylcellulose, and dibutyrylchitin relative to controls (Figure 16, Figure 17 , Figure 18 ) [30] .
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In the absence of fibronectin, secretion of IL-10 also increases in particular under the influence of calcium alginate (Figure 13 ), in relation to the dressing constructed of carboxymethylcellulose effect was strongest in the 11 th day of the experiment ( Figure 14 ) and for dibutyrylchitin in day of 1 st and 3 rd ( Figure 15 ). The experiments suggest anti-inflammatory nature of tested dressings. Dressings made of calcium alginate, carboxymethylcellulose, and dibutyrylchitin cause inhibition of secretion of pro-inflammatory interleukin (IL-1, IL-6 ). This effect was diminished with previous coverage of tissue culture plates with fibronectin. The level of secretion of an anti-inflammatory interleukin IL-10 was the greatest when calcium alginate films were used as the substrate.
Inflammation is necessary for the proper conduction of the tissue healing and inhibition of this process may impair the proper granulation and epithelialization. These results suggest that the inflammatory process is silenced upon the contact with tested dressings.
The results of the experiments suggest the modulating effect of fibronectin on the secretion of immunologically active cytokines.
Our experiments suggest new lines of research that can contribute in the future design of the dressings inducing desired immunological effect.
The results will be further transferred to the next stage of in vivo experiments.
